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ABSTRACT  
Degradation of tropical rain forest might exert impacts on biodiversity loss and affect the function and stability of the related 
ecosystems. The objective of this study was to study the impact of land use systems (LUS) on the diversity and abundance 
of beetle functional groups in Jambi area, Sumatra. This research was carried out during the rainy season (May-June) of 
2004. Inventory and collection of beetles have been conducted using winkler method across six land use systems, i.e. 
primary forest, secondary forest, Imperata grassland, rubber plantation, oilpalm plantation, and cassava garden. The result 
showed that a total of 47 families and subfamilies of beetles was found in the study area, and they were classified into four 
major functional groups, i.e. herbivore, predator, scavenger, and fungivore. There were apparent changes in proportion, 
diversity, and abundance of beetle functional groups from forests to other land use systems. The bulk of beetle diversity and 
abundance appeared to converge in primary forest and secondary forest and predatory beetles were the most diverse and 
the most abundant of the four major functional groups. 
© 2010 Biodiversitas, Journal of Biological Diversity 
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INTRODUCTION 
Land uses are changing (Vitousek, 1994) as linked 
with deforestation and agricultural intensification 
(GCTE, 1997). Tropical forests in Indonesia which are 
known as high biodiversity areas have been declining 
steadily, with estimated deforestation rate of about 2 
million hectares per year (Suparna, 2005). Parts of 
the forested areas, for instance those in Sumatra, are 
cleared and changed into various land use systems, 
including oilpalm plantations, rubber plantations, 
cassava gardens, and Imperata  grassland (van 
Noordwijk et al., 1995). Changes tropical rain forest to 
other land-uses might exert impacts on forest 
fragmentation and degradation, cause loss of 
diversity and affect the function and stability of the 
ecosystems. 
There has been a perception that land use change 
affects soil biological diversity but more investigations 
are needed to collect the evidence (Giller et al., 
1997). Jones et al.  (2003) reported a reduction in 
diversity of termites as related to deforestation and 
agricultural intensification in Jambi, Sumatra. Does 
land use change affect diversity of soil-related 
beetles? Beetles are taxonomically diverse and 
common components of soil community which dwell 
mainly in litter (Lavelle and Spain, 2001). Soil beetles 
may play important roles in the ecosystem through 
their activities as predators, herbivores, and 
scavengers (Brussaard et al., 1997). Herbivorous 
beetles may cause crop injury and yield loss while, in 
contrast, predatory beetles can perform as biological 
control agents against the crop pests (Kalshoven, 
1981). Scavenger beetles comminute and 
decompose soil organic matters. In agroecosystems 
beetles are often exposed to soil tillage, chemical 
pesticide, inorganic fertilizer application, and 
monoculture planting system. Tillage could damage 
beetle microniches and foraging sites while 
insecticide could toxify them. Meanwhile, monoculture 
system could in one hand limit food access for a 
number of species but in the other hand allow 
excessive exploitation for only few other species of 
herbivorous beetles. This study was aimed at 
inventorying the diversity and abundance of beetle 
functional groups in a range of land use systems of 
different intensity gradient in Jambi, Sumatra.  BIODIVERSITAS Vol. 10, No. 4, October 2009, pp. 195-200 
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MATERIALS AND METHODS  
Beetle field sampling was done during the end of 
rainy season (May-June) of 2004 across six land use 
systems (LUS) distributed over ca. 6 km
2 area in 
Jambi, Sumatra where a stratified-grid procedure 
(GW2, 2003) was used to select the sample points. 
The observed LUS were primary forest (Forest Less 
Intensive/FLI), secondary forest (Forest Intensive/FI), 
rubber plantation (Tree-based Intensive/TBI-1), 
oilpalm plantation (Tree-based Intensive/TBI-2), 
cassava garden (Crop-based Less Intensive/CBLI), 
and  Imperata  grassland (Shrubs/Shrb). Descriptions 
for each LUS can be found in Prastyaningsih (2005). 
The sampling area was first delimited into three 
windows of 2-3 km
2 size each, i.e. Muara Kuamang 
(South 01
o34’12.1’’-01
o34’52.8’’ and East 
102
o15’05.4’’-102
o15’59.7’’) consisted of FLI and FI; 
Kuamang Kuning (South 01
o36’32.2’’-01
o37’06.1’’ and 
East 102
o17’01.7’’-102
o17’42.3’’) consisted of TBI-1, 
TBI-2, Shrb, and CBLI; and Rantau Pandan (South 
01
o39’03.2’’-01
o40’07.6’’ and East 101
o56’05.4’’-
101
o56’52.0’’) dominated by FLI, FI, and TBI-1. Next, 
undivided grid of 200 m x 200 m points was set over 
each window resulting in 64-72 prospective points per 
window. The grid points were then each ground-
checked for feasibility. Feasible criteria included the 
ease of access and the minimum patch size. A 
minimum of 20 m x 20 m sampling area of the same 
patch of land use type should be fit somewhere in a 
feasible point. Finally, five out of existing feasible 
points were selected randomly per LUS in a window 
and taken to be the sample points. That way, the 
observed LUS and windows where the sample points 
were selected were as follow: FLI (Muara Kuamang), 
FI (Muara Kuamang), TBI-1 (Kuamang Kuning), TBI-2 
(Kuamang Kuning), Shrb (Kuamang Kuning), and 
CBLI (Kuamang Kuning). 
Winkler method (Chung and Jones,  2003) was 
used to collect beetles from litter in the sample points. 
In each sample point gross litter was taken from three 
Winkler quadrates of 1m x 1m along transect laid out 
12 m from the center point (GPS grid). The distance 
between quadrates in transect was 6 m. The litter was 
sieved, weighed, and incubated (Susilo and Karyanto, 
2005). The sieving was done by two persons for five 
minutes per quadrate using a Winkler sieve (Jones, 
2003). The litter materials passing the sieve, i.e. fine 
litter (sized < 1 cm
2) was collected in situ into the 
Winkler collecting bag for further handling in the 
incubation room. The fine litter was weighed and 
placed in the Winkler sieves which were then 
suspended inside the Winkler bag for incubation for 
72 hours under room temperature. During the 
incubation period the litter dried out, causing beetles 
to leave it and drop off into the collecting bottle 
containing 70% alcohol at the base of the Winkler 
bag. Beetle specimens were then transferred into 
vials containing 75% alcohol for labeling, storage, and 
identification. Identification up to family (and some to 
subfamily) level was done under a dissecting 
microscope using Chung (2003) and Borror et al. 
(1981).  
The documented data included the beetle diversity 
and abundance. The diversity was the number of 
families and subfamilies found in three 1-m quadrates 
of litter (a sample point). The abundance was taken to 
be the number of individuals of each family per three 
1-m quadrates (i.e. per sample point). Having five 
records of diversity as well as abundance data, a land 
use type had its mean diversity and mean abundance 
data and their corresponding standard errors. Mean 
diversity was the number of family averaged from five 
replications (five sampling points) of the same land 
use. Mean abundance was defined as the number of 
individuals of beetles (all species combined by 
sample point) averaged from five replications. The 
similarity in beetle communities between land use 
system was determined using Bray-Curtis measure of 
dissimilarity (B) as follow (Krebs, 1989) 
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= ik ij X X , number of individuals in i
th beetle family 
in each sample (i.e. land use system), j = one land 
use system (1, 2, 3, 4, 5, 6), and k = other land use 
system (1, 2, 3, 4, 5, 6) being compared with j. The 
resulting B values were used to compose a 
dendrogram and grouping of land use systems. 
The collected beetles were then grouped by their 
functional groups. Six feeding groups identified in 
Chung et al. (2000) which followed Hammond (1990) 
were simplified into four, i.e. herbivores, predators, 
scavengers, and fungivores. The mean diversity and 
abundance data were calculated by land use 
systems, by beetle functional groups, and by 
combination of land use system-functional group. The 
mean values were compared between land use 
systems, between beetle functional groups, and 
between combination of land use system-functional 
group using ANOVA and LSD at 5% level of 
significance (Snedecor and Cochran, 1980). In 
addition, the diversity data, i.e. the number of beetle 
families of each functional group, was also pooled 
within each land use system and their proportion of 
each functional group was plotted by land use 
systems. 
RESULTS AND DISCUSSION  
The beetles recovered from litter of six land use 
systems in Jambi consisted of 47 families and 
subfamilies with four major feeding groups (Table 1). 
Figure 1 shows three groups of land use systems in 
Jambi based on dissimilarity (similarity) in their beetle 
community composition at (sub) family level, namely SUSILO et al. – Coleoptera in Jambi, Sumatra 
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(i) the primary forest (FLI)-secondary forest (FI), (ii) 
the rubber plantation (TBI-1)-oilpalm plantation (TBI-
2), and (iii) Imperata  grassland (Shrb)-cassava 
garden (CBLI). The beetle community assemblages in 
the second group are more similar to the third than to 
the first group. In other words, the beetle 
assemblages in the non-forested land use systems 
are less similar to those in the forested systems. 
However, the grouping might be clearer if the beetle 
community composition was delimited down to the 
lower taxonomic level, i.e. genus or species. 
 
 
Table 1. Taxonomic and functional group diversity of 
beetles collected using Winklers in Jambi, Sumatra, May-
June 2004 
 
No. Family  and sub-family  Functional group*
1 Anthicidae  SCAVENGER 
2 Brentidae  HERBIVORE 
3 Byrrhidae  MOSS  FEEDER 
4 Carabidae  PREDATOR 
5 Cerambycidae  HERBIVORE 
6 Alticinae  HERBIVORE 
7 Eumolpinae  HERBIVORE 
8 Galerucinae  HERBIVORE 
9 Coccinellidae  PREDATOR 
10 Colydiidae  PREDATOR 
11 Corylophidae  FUNGIVORE 
12 Cryptophagidae  FUNGIVORE 
13 Cucujidae  SCAVENGER 
14 Chryptorhynchinae  HERBIVORE 
15 Otiorhynchinae  HERBIVORE 
16 Rhynchoporinae  HERBIVORE 
17 Elateridae  HERBIVORE 
18 Histeridae  PREDATOR 
19 Hydrophilidae  PREDATOR 
20 Languriidae  FUNGIVORE 
21 Leiodidae  SCAVENGER 
22 Lymnichidae  HERBIVORE 
23 Mycetophagidae  FUNGIVORE 
24 Mycteridae  SCAVENGER 
25 Nitidulidae  FUNGIVORE 
26 Pselaphidae  PREDATOR 
27 Ptiliidae  SCAVENGER 
28 Scaphididae  FUNGIVORE 
29 Aphodiinae  SCAVENGER 
30 Melolonthinae  SCAVENGER 
31 Valginae  SCAVENGER 
32 Scirtidae  SCAVENGER 
33 Scolytidae  FUNGIVORE 
34 Scydmaenidae  PREDATOR 
35 Silvanidae  SCAVENGER 
36 Aleocharinae  PREDATOR 
37 Euaesthetinae  PREDATOR 
38 Osoriinae  PREDATOR 
39 Oxytelinae  PREDATOR 
40 Paederinae  PREDATOR 
41 Protopselaphinae  PREDATOR 
42 Tachyporinae  PREDATOR 
43 Staphylininae  PREDATOR 
44 Asidinae  SCAVENGER 
45 Tentyriinae  SCAVENGER 
46 Tenebrioninae  SCAVENGER 
47 Throscidae  FUNGIVORE 
Note: *) based on Hammond (1990), Chung et al. (2000), 
and other sources (including Kalshoven, 1981 and Borror et 
al., 1981) 
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Figure 1. Dendrogram of dissimilarity in beetle communities 
in a range of land use systems in Jambi (FLI = primary 
forest, FI = secondary forest, TBI-1 = rubber plantation, TBI-
2 = oilpalm plantation, Shrb = Imperata grassland, CBLI = 
cassava garden). 
 
Based on the total diversity and total abundance, 
the functional groups can be arranged in a 
descending order, as follows: predator, scavenger, 
herbivore, and fungivore (Figure 2). One family, 
Byrrhidae, is the moss feeders. The pooled data 
showed apparent changes in proportion of some 
functional groups from forests to other land use 
systems (Figure 3 and Figure 4). Herbivore diversity 
and abundance were of higher proportion in 
agroecosystem or Imperata  grassland as compared 
with those in the forest. Similar pattern held for 
scavengers. Predator’s proportion, however, showed 
different pattern; while no apparent change occurred 
in its diversity proportion (Figure 3) the abundance 
proportion of predator pool decreased in non-forest 
land use systems (Figure 4). As for fungivores, there 
was no clear pattern of increase or decrease in their 
proportion relative to the other functional groups.  
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Figure 2. Total diversity and abundance of four major 
functional groups of beetles in Jambi  
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Figure 3. Total diversity proportions of four major functional 
groups    of beetles in a range of land use systems in Jambi 
(FLI = primary forest, FI = secondary forest, TBI-1 = rubber 
plantation, TBI-2 = oilpalm plantation, Shrb = Imperata 
grassland, CBLI = cassava garden) BIODIVERSITAS Vol. 10, No. 4, October 2009, pp. 195-200 
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Figure 4. Total abundance proportions of four major 
functional groups   of beetles in a range of land use systems 
in Jambi (FLI = primary forest, FI = secondary forest, TBI-1 
= rubber plantation, TBI-2 = oilpalm plantation, Shrb = 
Imperata grassland, CBLI = cassava garden) 
 
 
 
The overall bulk of beetle diversity appeared to 
converge in primary forest (FLI) and secondary forest 
(FI) (Table 2). Table 2 shows significant decrease in 
the beetle overall mean diversity (number of family) 
as the primary forest (FLI) were changed into non-
forest systems (Shrb, TBI-1, TBI-2, CBLI). The 
predatory beetles were the most diverse of the four 
major functional groups (Table 3). Figure 5 separates 
the beetle mean diversity by land use systems and 
the beetle functional groups. It depicts the following 
information. The highest diversity of predatory beetles 
was found in primary forest. The diversities within 
other functional groups (scavengers, fungivores, or 
herbivores) did not significantly fluctuate across land 
use systems but the diversity between the functional 
groups varied within a common land use system. In 
primary forest, the diversities of scavenger, fungivore, 
and herbivore beetles were comparatively of the 
same level but less than that of predatory beetles. In 
secondary forest, the diversity of beetle functional 
groups could be clustered in three classes, i.e. 
relatively high diversity (predators), relatively low 
diversity (fungivores and herbivores), and in between 
the two (scavengers). Three classes of beetle 
diversity could also be seen in rubber plantation (TBI-
1) and oilpalm plantation (TBI-2), i.e. relatively high 
diversity (predators), relatively low diversity 
(herbivores), and in between the two (scavengers and 
fungivores). No variation in diversities was shown 
between beetle functional groups either in Imperata 
grassland (Shrb) or cassava garden (CBLI). The 
diversities of each beetle functional group in the later 
two land use systems were unfluctuated and relatively 
of low level. 
The highest beetle abundance was found in 
primary forest (FLI) and secondary forest (FI) (Table 
2). Table 2 shows significant decrease in the beetle 
overall mean abundance as the primary forest (FLI) 
were changed into non-forest systems (Shrb, TBI-1, 
TBI-2, CBLI). Predatory beetles were the most 
abundant functional group (Table 3). Figure 6 shows 
differences in abundance between beetle functional 
groups within land use systems but no differences in 
abundance within beetle functional groups across 
land use systems (except those of predators). The 
highest abundance of predatory beetles was found in 
primary forest; while the second highest was in 
secondary forest. No abundance differences across 
land use systems were detected for scavenger, 
fungivore, and herbivore beetles. In primary forest 
and secondary forest, predatory beetles were more 
abundant than scavenger, fungivore, or herbivore 
beetles. However, no differences in abundance of all 
four functional groups were detected in rubber 
plantation (TBI-1), oilpalm plantation (TBI-2), 
Imperata  grassland (Shrb), and cassava garden 
(CBLI). The collapse of beetle assemblage along a 
land-use intensification gradient from less disturbed 
(forested) to more disturbed (non-forested) land use 
systems as shown in this study is in accordance with 
the results of other soil insect studies done previously 
in Sumatra, including Susilo et al. (2006) on beetles in 
Lampung, Susilo and Hazairin (2006) on ants in 
Lampung, Susilo and Aini (2005) on termites in 
Lampung, and Jones et al. (2003) on termites in 
Jambi.  
 
 
Table 2. Mean diversity and mean abundance of beetles in 
a range of land use systems in Jambi 
 
Land use system 
Mean diversity 
(number of 
family/sample 
point) 
Mean 
abundance 
(indiv./sample 
point) 
FLI  2.2 a  8.6 a  
FI  1.7 ab  5.8 ab  
Shrb  1.0 b  2.0 c  
TBI-1  1.2 b  2.3 c  
TBI-2  1.3 b  2.9 bc  
CBLI  1.3 b  4.2 bc  
LSD0.05 0.8    3.1 
Note: mean values followed by different letters are 
significantly different using LSD test at 0.05 level (FLI = 
primary forest, FI = secondary forest, TBI-1 = rubber 
plantation, TBI-2 = oilpalm plantation, Shrb = Imperata 
grassland, CBLI = cassava garden) 
 
 
Table 3. Mean diversity of four major functional groups of 
beetles in Jambi 
 
Functional groups
Mean diversity 
(number of 
family/sample 
point) 
Mean 
abundance 
(indiv./sample 
point) 
Predator  2.7 a  10.9 a  
Scavenger  1.4 b   3.0 b  
Fungivore  0.8 b   1.8 b  
Herbivore  0.8 b   1.4 b  
LSD0.05 0.6  2.5 
Note: mean values followed by different letters are 
significantly different using LSD test at 0.05 levels 
 SUSILO et al. – Coleoptera in Jambi, Sumatra 
 
199
0
1
2
3
4
5
6
FLI FI TBI-1 TBI-2 Shrb CBLI
Land use system
B
e
e
t
l
e
 
m
e
a
n
 
d
i
v
e
r
s
i
t
y
 
(
n
o
s
.
 
f
a
m
i
l
y
 
p
e
r
 
s
a
m
p
l
e
 
p
o
i
n
t
)
Predator Scavenger
Fungivore Herbivore
  
 
Figure 5. Mean diversity of four major functional groups of 
beetles in a range of land use systems in Jambi (FLI = 
primary forest, FI = secondary forest, TBI-1 = rubber 
plantation, TBI-2 = oilpalm plantation, Shrb = Imperata 
grassland, CBLI = cassava garden) 
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Figure 6. Mean abundance of four major functional groups 
of beetles in a range of land use systems in Jambi (FLI = 
primary forest, FI = secondary forest, TBI-1 = rubber 
plantation, TBI-2 = oilpalm plantation, Shrb = Imperata 
grassland, CBLI = cassava garden) 
 
 
 
Environmental disturbance may lead to 
reorganizations of local resources available to 
consumers which in turn affects the food web 
structure (Chung et al., 2000). This process explains 
changes in tropic group proportion, especially in the 
most disturbed habitats. The disturbance is usually 
suitable for herbivores (Lawrence, 1996; Chung et al., 
2000) but unfavorable for predators (Brown and 
Southwood, 1983; Pimm et al., 1991; Chung et al., 
2000). Figure 4 seems to conform to the theory 
(decrease the proportion predator abundance and 
increase the proportion of herbivore abundance), as 
are Figure 5 and Figure 6 (decrease the mean 
diversity and mean abundance of predatory beetles). 
It is interesting to note, however, that the disturbance 
also seems to favor scavengers (Figure 4, increase 
the proportion of scavenger abundance). 
CONCLUSIONS 
The inventory resulted in 47 families and 
subfamilies of beetles with four major functional 
groups, i.e. herbivores, predators, scavengers, and 
fungivores. There was an apparent difference of the 
beetle familial assemblages between land uses or 
groups of land uses based on bray-curtis indices. 
Changes of beetle assemblages were also detected 
in proportion and abundance of beetle functional 
groups from forests to other land use systems. There 
were differences in diversity and abundance between 
beetle functional groups within land use systems but 
no differences in diversity and abundance within 
beetle functional groups across land use systems 
(except those of predators). The bulk of beetle 
diversity and abundance appeared to converge in 
primary forest and secondary forest while predatory 
beetles were the most diverse and the most abundant 
of the four major functional groups. 
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